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Wc have developed a novel "real time" quantitative PCR method. The method measure product 
accumulation throueh a dual-labeled riuorogenle probe (U., TaqMan Proba). This method provides very 
accurate and reproducible quantitation of gene copies. Unlike oilier quantitative PCR methods, real-time rCR 
does nor require posi-PCR sample handling, preventing potential PCR product carry-over contamination and 
resulting In much raster and higher throughput assays. The real-time PCR method has a very large dynamic 
ranee of starting target molecule determination (at but live orders of- magnitude). Real-time Quantitative 
PCR is extremely accurate and less labor-intensive than current quantitative PCR methods. 



Quantitative nucleic acid sequence analysis has 
had an important role in many fields of biologi- 
cal research. Measurement of gents expression 
(RNA) has brant used extensively In monitoring 
biological responses to various stimuli Clan el al. 
1994; Huang el al. I995a,b; Prud'homme ft al. 
1995). Quantitative gen* analysis (DNA) has 
In-cn used to dttiermine the genome- quantity of * 
particular gene, as in the case ot t he human HER2 
gene, which Is amplified in --30% of breast tu- 
mors (Slarrion ct al. 1987). Gone and genome 
quantitation (DNA and UNA) also have been used 
for analysis of human immunodeficiency virus 
(ilJV) burden demonstrating changes in the lev- 
els of virus throughout the different phases of the 
disease (Connor et al. 1993; Pltitak ct al. ]99:sb; 
j-urtado ei al. 1995). 

Many methods have been described for tin: 
quantitative analysis ot nucleic acid sequences 
(both for UNA and DNA; Southern Sharp ct 
al. 19K0; Thomas 19HO). Recently, PCR has 
proven to be fl powerful tool for quantitative 
nucleic acid analysis. PCR and reverse transcrip- 
tase. (KT)-PCR have permitted the analysis of 
minimal starting quantities of nucleic acid (as 
little as one cell equivalent). This has made pos- 
sible many experiments that could not hnvc been 
performed with traditional methods. Although 
PCR has provided a jmwcrful tool, it is imperative 
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thai tt be Ui«U properly for quantitation (U««y- 
maekers 1995). Many early reports of quantita- 
tive I'CR and RT-PCR described quantitation of 
the PCR product but did not measure, the initial 
target sequence, quantity. It is essential to design 
proper controls for the quantitation of ihc initial 
target sequences (Pcrrc 1992; dementi ct al. 

Kvstftrchcrs have developed several methods 
of quantitative I'CR and UT-PCR. One approach 
measures I'CR inuduct quantity in the lcig phase 
of the reaction before the plateau (Kellogg et al. 
1990; Pang ct a). 1990). This method requires 
dial each sample has equal input amounts of 
nucleic add and that each sample under analysis 
amplifies with identical efficiency up to the. point 
of quantitative analysis. A gene sequence (ron- 
tallied in all samples ot relatively constant quan- 
tities, such ax p-aclln) 'tan be used for sampta 
amplification efficiency normalization. Using 
conventional methods of PCR detection and 
quantitation (gd electrophoresis or plate capture 
hybridization), it is extremely laborious to assure 
that all samples are analyzed during the log phase 
of the reaction (for 1m>Ui the target gene, and the 
normalization gene). Another method, quantita- 
tive competitive (QQ-UCJR, has l>cen developed 
and Is used widely for PCR quantitation. QC-PCR 
nilics on the inclusion of an internal control 
competitor in each reaction (Beckcr-Andrc 1991; 
Plata* ct al, »99a«,t>). The. efficiency of each re- 
action is normalised to the Internal competitor. 
a t/nnvim aiiMiunl of Internal competitor can be 
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added to each sample. To obtain relative rpiani- 
totlon, the unknown target PGR product is com- 
pared witli the known competitor l*:K product. 
■Success of a quantitative competitive I'CU assay 
relies on developing an Internal control thai am- 
I »i ■ rii-rs with the same efficiency as the wtigvt ino1 ' 

cculc. The design Of the compctltoi and the vn)l- 
aation of amplification cfficieiieies icquirc a 
dedicated effort, Hyivevci', because QC^-l'CKdoes 
not require that PC 111 ptoducls be analyzed during 
the log phase of tliv. amplification, it Is tin: easier 
of the two methods to use. 

Several detection xyiitcm* «ie used for quan 
Utative 1"CR and RT-1»c:K analysis: (1) agarose 
gels, (2) Xluoresccnl labeling of POR products and 
detection with laairr-induced fluorescence using 
capillary electrophoresis (Fusco el al. 1995; Wil- 
liams et al. 1996) or acrylainhle gels, iind (.1) plate 
capture and sandwich probe hybridization (Mul- 
der el al. 1994). Although these method* proved 
successful, each method requires posl-l'CR ma- 
nipulations That add time to the analysis and 
may lead to hibouitoiy loulainliiation. The 
sample throughput of these methods i.% limited 
(with the exception of the plate capture ap- 
proach), and, therefore., these methods ore not 
well suited fin u>cr> demanding high sample 
Throughput (I.e., screening; of large numbers of 

)'ll>tltwlvn.ulv.-> 01 diudyKlitg* iWimplea hu diagnos- 
tic* or clinical trials). 

I lore we report the development of a novel 
assay for quantitative. DNA analysis. The assay is 
based on the; use of the fi' nuc-leasv assay first 
described by Holland et al. (1993). The method 
uses the S' nuclease. Activity of 7W</ polymerase to 
cleave a noncxtcndlblc hybridlxation. probe dur- 
ing the extension phase of I'CU- This approach 
uses dual-labeled fluorogenic hybridisation 
probes (Lccct al. 1993; Jlasslcr ct al. 1995; l,lv«!« 
et al. l99'io,b). One fluorescent dye serves «» a 
reporter |FAM (i.e., 0-carboxyfluoreseein)| and its 
emission spectra is quenched by the second fluo- 
rescent dye, TAMRA (I.e.., tf-carboxy-ietramethyl- 
lhqdaminc). The nuclease degradation of the hy- 
hrkuVJitton probe releases the quenching of Ule 
I'AM fluorescent emission, resulting in an In- 
crease in peak fluorescent emission at S]fct mm 
The use Of a sequence dclccloi (A1J1 Prism) allows 
measurement of fluorescent spectra of all 96 wells 
of the thermal eyelet continuously during the 
l"C;K amplification. Therefore, the reuclions ojs 
monitored in real lime. The otnptii data is de- 
scribed and quantitative analysis of input target 
I )N A sequences is discussed below. 



RESULTS 

PCR Produce Detection in R««l Time 

The gotil was to develop a high-throughput, sen- 
sitive, ami Accurate gene quantitation assay for 
use In monitoring lipid mediated therapeutic 
gene delivery. A plusmid encoding human factor 
VIII gene sequence, pl'8TM (see. Methods), whs 
used as a model ihorajwutie gtsne. The assay us<h 
fluorescent Taqman methodology and an instru- 
ment capable of measuring fluorescence in real 
time (AB1 Prism 77(10 Sequence Detector). The 
TtKjman reaction requires a hybridization prolw 
laljcled witli two different fluorescent dyes. One 
dye Is a reporter dy« (l ; AM>, the other i* ^ quench- 
iiiS J yc (TAMRA). When the prol»« if- intact, fluo- 
icsccnl energy transfer occurs and the reporter 
dye fluorescent emission is absorbed by the 
quenching dye (TAMRA); During the extension 
phase of the PGR cycle, the fluorescenl hybrid- 
ization probe Is cleaved by the 5'-.T nuclcolytic 
ottlvity of the DNA polymerase. On cleavage of 
the probe, the reporter dye emission is no longer 
transferred efficiently to the quenching dye, re 
suUinK I" 0" Increase of the reporter dye fluores- 
cent emission »p«Ctra. PCR pritners und prohuH 
were designed foi the liumuu fcietor VJU se- 
quence and human p-actln gene (as deseribed in 
Methods). Optimization reactions were per- 
formed to choose the appropriate probe umi 
magnesium concentrations yielding the highest 
Intensity of reporter fluorescent signal without 
smerlflcing specificity. The Inst rumen I uses a 
ehavge.coiiplcd device (i.e., CCD camera) for 
measuring the fluorescent emission »j>eelni from 
500 to rtSO nm. liach PC'.lt tube was monitored 
setjuentinlly for 25 msce with continuous moni- 
toring throughout the amplification. Uech tube 
wo.i re-exandncd every 8.5 see. Gc>n»putcr »<>ft- 
wnre. was designed t<i examine the fluorescent In- 
tensity of both the reporter dye (I'AM). and 
the quenching dye (TAMRA). The fluorescent 
intensity of the. quenching dye, TAMRA, changes 
very I it lis over the course of the PCR amplifi- 
cation (data not shown). Therefore, the Intensity 
of TAMRA dye emission serves as an internal 
standard with Which to iiortnullau the reporter 
dye (IWM) emission variations. The software enl- 
euloles a value termed ARn (or ARQ) using the 
following equation: ARn - (lln J ) (Rn"), where 
Kn 4 • eynlsitlon intensity of roporter/cmission in- 
tensity of quencher al any given time in o rene 
tion tube, and Ru r- emission inteosility of re- 
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porter/c.nilssloi) Huvmily "f qucnclier measured 
prior 10 I'CK iiiiiplilicalion in lhat same reaction 
tube, l'or the purpose of quantitation, the lest 
three data points (ARiiS) r.otlec-teil during the.ex* 
tension step for each \'CU cycle were analywd. 
The nticleolytic degradation Of the. hyuridi/^tion 
probe occurs during the extension phase or ri at, 
and, therefore, reporter fluorescent ciiiismi'ii in- 
creases during this (hue. Iiu: Uucc data point* 
were averaged lor cadi WJk cyc le and the mean 
value for each was plotted in an "ainplMlcation 
plot" shown In J'»8 ure 1 A. The AKn mean value* is 
plotted on the ''••axis, and time, represented by 
cycle number, is plotted on the .x-axis. During the 
early cycles of the VCM amplification, the ARn 



value remains at base line When .suffirletll hy- 
bridization probe has been cleaved by the Tut] 
jx.lymerusc nuHfcftfKS activity, the inleiiiity of re- 
porU-r fluorcvicm emission iiuvioutH*. Most I'CK 
amplifications read) i» plateau phone of reporter 
fluoreHMiit pmissfon If tlie reuutitwi Is carrii'd out 
to high eyele muiimh-in- The amplification plot i'J 
examined vuily in lh« reaction, at a point lhat 
it-presents the lOfl phase of product arnimula» 
tion. This is done by assigning an arbitrary 
threshold thai is based on the variability of the 
base-line data. In J'igUT* 1A, the threshold was set 
at 10 standard deviations above, the mean of 
haw lino entissum t:alculated from tyi;lc!» 1 lo 1 5. 
Once the threshold is chosen, the point at which 
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Figure 1 PCR product detection in real time. (A) The. Model 770O ^uflware will consiruct amplification plots 
from the extension phase fluorescent emission data collected during the PCR amplification. The standard de- 
viation is determined 1rom the data points collected from the base line of the amplification plot. t> values are 
calculated by determining the point at which the fluorescence exceeds a threshold limit (usually 10 times the 
standard deviation of the base line). (B) Overlay of amplification plots of serially (1:2) diluted human 9enomic 
DNA samples amplified with p"-actin primers. (Q Input DNA concentration of ihe samples plotted versus t-j. All 
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the amplification plot croisco the thresholds tie 
fined as C,. C, is rc.|>ort«tl as the cycle number :« 
this jx>ini. Ak will be demons! rut t«l, tlu» C, .value 
Is jtieUiiUve of the quantity of input turret. 

Cy Values Provide a Quantitative Measurement, of 
lnpur Target Sequences 

Plgufc IB shows amplification plots of 3i»-<1i'iT«sv- 
enl TCR ampllficallons overlaid, The amplia- 
tions were performed on a 1:2 serial dilution -«k 
human genomic DNA. The amplified target w:u. 
human p actln. The amplification plohi Khifl to 
the right (to higher threshold cycles) as the input 
target quantity is reduced. This is expected ho. 
i'Mwm wwctlortK with fewer starting copim of the 
target molecule require greater amplification to 
degrade enough probe to attain lilt' Threshold 
fluorescence. An arbitrary threshold of 10 'stan- 
dard deviations above the base line was used to 
determine the O,. values. Figure 1C represents the 
C,. values plotted versus the sample dilution 
value, Each dilution was amplified in triplicate 
I'CR amplifications and plotted as mean values 
with error bars representing one standard devia- 
tion. The C-|- values decrease linearly with increas- 
ing target quantity. Thus, C,- values can be used 
as « quantitative measurement of tlie input target 
number, it should be noted that the amplifica- 
tion plot for the 15.6- ng sample shown In I'igure 
IB does not reflect the same fluorescent rate of 
increase exhibited by most of the other samples. 
The 15.6-ng sample also achieves endpolnt pla- 
teau at a lower fluorescent value than would be 
expected based on the input DNA. This pheuutri- 
cnon has been observed occasionally with other 
samples (data not shown) and may be aftrihut- 
able to late cycle inhibition; this hypothesis is 
still under investigation. It is important to note 
that the flattened slope and early plateau do not 
impact significantly the calculated C, value as 
demons! rated by the ill on the line shown in 
Figure 1 C. All triplicate amplifications resulted in 
very similar C,- values— the standard deviation 
did not exceed 0.5 for any dilution. This experi- 
ment contains a > 1 00,000-fold range of Input tar- 
get molecules. Using C v values for quantitation 
permits a much larger assay range than directly 
using total fluorescent emission intensity for 
quantitation. The linear range ol fluorescent in- 
tensity measurement of the AIM Prism 7700 $e- 
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mtmts over n very large taiijjc of rplativf start top, 
target quantities. 

Sample Preparation Validation 

Several parameters influence the ofllcletiry i>f 
PC'.R amplification: magnesium and sail concen- 
trations, reaction conditions (i.e., time and tem- 
perature), PCM target size and composition, 
primer sequences, and sample purity. All of the 
above (actors are. common to a single J'CR assay, 
except sample lo sample purity. In an effort to 
validate Ihe. method of sample preparation for 
the laclor Vlll assay, i>CK. amplification reprodnc 
ibility and oiflclency ol 10 replicate sample 
preparations wnr« examined.. After genomic DNA 
was prepared from the 10 replicate samples, the 
DNA was quaniltaied hy ultraviolet spectroscopy. 
Amplifications were performed analyzing p-nciin 
gene, content in 100 and 25 ng of total genomic 
DNA. Each I'CTR amplification was performed in 
triplicate. Comparison of C r values for each trip, 
llcate sample show minimal variation based on 
standard deviation and coefficient of variance 
(Tabic I). Therefore, each ol the triplicate VCM 
amplifications was highly reproducible, demon- 
strating that real time I'CR using this instrumen- 
tation introduces minimal variation into the 
quantitative J'CH analysis. Comparison of the 
mean C, values of the JO replicate sample prepa- 
rations also showed minima] variability, indicat- 
ing that each sample preparation yielded similar 
results for p-nctin gene quantity. The highest G,. 
difference between any of the samples was 0.S5 
and 0.73 for the 1(K) and 25 ng samples, respec- 
tively. Additionally, the. amplification of each 
sample, exhibited an equivalent rate of fluoro 
cent emission intensity change pci amount of 
DNA target analyzed as indicaicd hy similar 
slopes derived from Ihe sample dilulkms (Pig. 2). 
Any sample containing an excess of a I'Ck inhibi- 
tor would exhibit a greater measured (3-actJn O, 
value for a given quantity of DNA. In addition, 
the inhibitor would be diluted along with (he 
sample in the dilution analysis (Mr, 2), altering 
the expected C,. value change. Each sample am- 
plification yielded a similar result in the analysis, 
demonstrating that this method of sample prepa- 
ration is highly reproducible with regard lo 
sample purity. 

Quantitative Analvsis of a Plasmid After 
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Table 1 . Reproducibility of tumplo Preparation Method 



Sampla 



no. 



6 
7 
8 
9 

10 

Mean 



100 ng 



standard 
m^an deviation 



CV 



18.24 

18.23 

10.33 

18.33 

18.35 

18.44 

18.3 

18.3 

18.42 

18.15 

18.23 

18.32 

18.4 

18.38 

18.46 

18.54 

18.67 

19 

18.2B 

18.36 

18„S2 

18.45 

1B.7 

18.73 

18.18 

18.34 

18.26 

18.42 

18.57 

l B.66 

0 io) 



10.27 0.06 



18.17 0.0(5 



18.34 0.07 



18.23 0.0S 



10.42 0.04 



18.74 0.24 



18.39 



18.55 
18.42 



0.12 



18.63 0.16 



18.29 0.1 



0.12 
0.17 



0.32 
0,3? 
0.36 
0.46 
0.23 
1.26 
0.66 
0.83 
0.6A 

0.65 
0,90 



20.48 

20.55 

20.5 

20.61 

20.59 

70.41 

20.54 

20.6 

20.49 

20.48 

20.44 

20.38 

20.68 

20.87 

20.63 

21.09 

21.04 

21 .04 

20.67 

20.73 

20.65 

20.98 

20.84 

20.75 

20.46 

20.54 

20.48 

20.79 

20.78 

20.62 



25 ng 



mean 



70.54 



20.43 



20.86 

20.51 

20.73 
20.66 



standard 
deviation 



20.51 0.03 



0.11 



20.54 0.06 



0.05 



20.73 0.13 



21.06 0.03 



20.68 0.04 



0.12 

0.07 

0.1 
0.19 



cv 

0.17 

0.54 

0.28 

0.26 

0.61 

0.15 

0.2 

0.57 

0.32 

0.46 
0.94 



(or containing a partial cDNA for human factor 
VIH, pl-'gTM. A scries of trartsfccliom was sol 
up using a decreasing amount of the plasmid s (4Q, 
4, (1.5, and O.I u,g). 'IWilly-four hours posl- 
tnwsfeciion, toial DNA was purified from, each 
flask of (.rib. p-Ai. tin gene quantity wai c1r»m.-i i as 
a value Tor normali/^liwii or genomic. UNA con- 
centration from each sample. In this cxpeiirjjuiit, 
|J-actin gene comcm should remain constant 
relative to total genomic DNA. Figure 3 shows the 
result of the p-actln DNA measurement (100 ng 
total DNA determined by ultraviolet spectros- 
copy) of each sample. Kach sample was analyzed 
in triplicate and the mean p-actin values of 
the triplicates were plotted (error bars represent- 
r.nn < r*vi<i«m riouinmni 'I h*» hlohpsr rtifforrnrc 



betwijun any iwr> sample moans was 0.9S 'Jen 
nanograms of total DNA of each Sample were also 
examined for 0-aclin. llic results again sln>wcd 
that very similar amounts of genomic I>NA were 
present; the maximum mean |i actio <";, value 
difference waA 1.0. As Figure 3 shows, the rate of 
p actln C|. diungc between the 100 and 10-ng 
samples was simitar (slope values rar»g« butwoen 
3.56 and --3.45). This verifies again that the 
method of sample preparation yields samples of 
Identical PO.R integrity (i.C no sample contained 
an CXCCSSlve amount of a PCR inhibitor). How- 
ever, IhCie results Indicate that cacll sample con 
talncd slight diffctences in the actual amount of 
gemnnlc 1>NA analyzed. Determination of actvial 
jiL'iloniic t>NA concentration was accomplished 
aOMH 20S6 091 6*6 Vid 00:ST Z00Z/S0/ZT 
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Figure 2 S<u t iple preparation purity. 1 he replicato 
samples shown In Table 1 worn also amplified In 
tripicate using 2S ng of each DNA sample. The fig- 
uit shows die input DNA concentration (100 arid 
25 ng) vs. C, In ifw fipnrp. ihp 1 Of) and ?n nn 
points lor Mdi sample are connected by a line. 



by plotting the mean $-a<ttio O, value obtained 
for eaeli 100 ng Bttinplv vm a p-.-»ciln standard 
curve (shown In J'Sg- 40). The actual genomic 
DNA concentrate "» of each sample., », was ob 
tallied try extrapolation to the X-axls. 

Figure 1A shows the measured ({.it., mm. 
norttlOUTicd) quantities of /actor VHJ plnsmid 
DNA (pPSTM) from each of the four transient cell 
lr««i,srec.tlon». Each reaction contained 100 nff of 
total sample DNA (as determined by UV spectro* 
copy), liach sample was analyzed in triplicate 



pc:l« amplifications. As shown, pl'BTM purified 
.fiom Jbc 293 colls dotrwiscJi (moan 0, values in- 
eru:».<tfj with decreasing amounts of plasmtd 
.truitsl's-Ucd. The mean C t values obi n> tied for 
pFWTM inTigurc 4A were plotted on a standard 
curve o««mprl.>t«d uf sei hilly diluted pKHTM, 
shown .in figure 4B. The quantity oJ pl-'KTM, b, 
found in each of the four iransl'octlonK was de 
termined by extrapolation to the * axil, of the. 
standard curve In l'igure 4B. TIhac uncorrected 
m values, b, for pWl'M were norinallAid io deicr- 

mlne Uie actual amount of pl'S'lTvl found per 100 
rig of genomic DNA by using Ihe equation:- 

h X 10 0 tig actual pl'STM copies per 
(t "100 ng of genomic DNA 

where a --actual genomic ONA in u sample and 
b >- pl'BTM copies from the standard curve. The 
normalised quantity of p£'8TM per 100 ng of ge- 
nomic ONA for each of the four iransfecUons Is 
shown lii r-'igure 4JJ. The-ic roulls Ahem ilia; the 
quantity of factor Vlll plasiuiU associated wiih 
the 293 cells, 21 In after trun.sfwiioii, detji^se;. 
with decreasing pltisiiiHl umi.tiiuiailoii used In 
the transfection. "11 it: quantity of pl'BTM associ- 
ated wJih 293 cells, after transfectlon with 40 ug 
of ulamnid, was 35 pgper 100 ng genomic DNA. 
Tills results in -520 plasmkl copies per eel). 
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Figure % Analysis of tmnsfectcd cell DNAquonllty 
and purity, the DNA preparations of tin.- (our 293 
cell transfections (40, A, 0-5, and 0.1 M-g of pFSTM) 
were analysed for the 0-actln gene. 100 and 10 ng 
(determined by ultraviolet spectroscopy) of each 
sample were amplified in triplicate. For each 
amount of pF8TM trial was transacted, the p-actln 
C T values are plotted versus the total Input DNA 



WSCUSSION 

Wo have described a new method for quantitnt- 
iug gene copy numbers using rcAl-tlmc nnolysls 
of FtJR amplifications. Real-time PCK in compat- 
ible with cither of the two VCR (KT-PCR) ap- 
proaciio: (1) quaiilltativc . comiietitivt: where an 
iuteijiitl vuitipcliior for each target sequence is 
used for nonnaliKOtlon (data not shown) or (2) 
quantitative comparattve PCK using a uoinidliui- 
tiou yene contained within the sample (i.e., p-ac- 
tin) or a "housekeeping" gene for UT-IHJK. If 
equal amounts of nucleic add are analyzed for 
each sample and if the ainpllflcalion effitir.nc.y 
before quantitative analysis i> identical for each 
sample, the Internal cot it ml (noimnlii^itioii gene 
or competitor) should Rlvc equul MKiials for all 
samples. 

The real-time PCU method offers several ad- 
vantages over the other two methods currently 
employed (see the Introduction). I'irsl, the real- 
time PCR mettiod is performed in a doscd-tube 
system and requires no post-PCK manipulation 
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Figure 4 Quantitative' Analytic of pFSTM . . .,„... „, 

plasmid DNA used for the transection plotted against II ic mean C,' value deter- 
mmod for pffiTM remaining ?A br after (rensfection. (0,C) Standard e:urvr.s of 
pf-RTM and (i-ac\in, respectively. pr8TM DNA <fl) and genomic UNA (C) were 
diluted SAflally 1 ;S before amplification with the appropriate primers. The p-aclin 
standard curve wa» used to normalise the result; of A to 1 00 rig of genomic DNA. 
(0) The amount of pF8TM present per 1 00 tig of genomic DNA. 



of sample. Therefore, (he |w>U'"ti«) for fCK con- 
tamination in the laboratory is reduced because 
amplified products tan be. analysed and disponed 
of without opening the ruaetion tubes. Second, 
(his method suppoils die use of a normalisation 
gone (i.c., p-actin) for quantitative PCR or house- 
keeping genes for quantitative RT-l'Ck controls. 
Analysis Is performed m real time during the Jog 
phase of product accumulation. Analysis during 
Iok phase permits many different genes (over a 
wide input target range) to be analy>£d simulta- 
neously, without concern of reaching read Ion 
plateau at different cycle*. Tliis will make iiiulll- 
gene analysis assays much cashn iv develop, be- 
cause individual in tun d umipelllois will mil be 
needed for each gene under analysis- Third, 
sample throughput vvill iin.iease dramatically 
with the new method because there is no |x>st- 
1'CR processing lime. Additionally, writ king hi a 
9 6- well formal is highly compatible with aut<>' 
uiation technology. 

The real-time PCR method ij> highly repro- 
ducible. RepHcaic amplifications can be analyzed 



for each sample minimising ]K>tentlul error. The. 
.system allows for a very large assay dynamic 
runge (a)>pToaehing 1,000,000-fold starting lai- 
gel). Malug u standard eurve for the. target oJ in- 
terest, relative copy number values can be deter- 
mined (or any uuknowji sample. Huortsscent 
threshold values, G,-, conelair. linearly with rela- 
tive DNA copy numbers. Real time quantitative 
KT-l'Ot methodology (Gibson ef al., this l.wuft) 
has also been developed, finally, real time quan- 
titative J'CU methodology can be used to develop 
high-throughput screening assays for a variety of 
applications [quantitative gene c«j>j essiun (RT- 
PCR)j gene copy assays (I1cr2, I1IV, etc.), geno- 
typing (knockout mouse, analysis), and Immuiio- 
PCUJ. 

Real-time POR may al.w lie performed using 
intcrcalaiing dyes (Hlguchi ct al- 1WA.) such as 
etJildium bromide. The fluorogenic probe, 
method offers a major advantage over inter- 
calating dyes- -greater specificity (i.e., primer 
dimers and nonspecific TOR products are. not de- 
tuned). 
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METHODS 

Generation of <t Plasmld Confining a Partial 
cDNA Tor Human Factor VIII 

Total RNA w«» harvested (KNAkoI If from Tol Test- »'ie., 
J-r)e.ndswood, TX) from cvll> I i-oisfecled with a foctor VIII 
expression v«lor, pC:|SZ.Uv?.SU (KoU»n el id. 1VHG; GOf. 
man el al. 1900). A factor VIII |»artlal cMNA w|ii«»ihv WAS 

Knu.ri.ud by irr l»r:ii |f :<.i>*Ami> la tTih UN* 1**11 Xll 
(pan N8OR-01 /h, in Applut) Uiosysicms, I'oslei City, tIA)J 

tiling the I'CIl primers KHIcr lttrev (|«rii"i-r sequences 

are shown bt'low). The ampllcon was reaniplified UAinR 
modified iWor and Wrcv primers (annctuled wnh HumIU 
and /o'ndlll reslrlctlon site sequences hi the V cpd> and 
clonal Into iXil'.M- 3Z (Proniej'ii CUirp., Maoism), WI). The 
resulting clone, pVSTM, was use«l lor transient transfecilon 
erf 'in cells. 



Amplification of Target DNA ami Duieciion of 
Amplicon Factor VIII Plasmid DNA 

(pTOTM) W5W titnpllflc.il wllh Our |fiiuieis vatut s'-<:<;<:- 

fn'<i<;<;AAGAu:iXMi;oic,TC.-,v and i-ttrev .v-aaa<:<;t- 

t:AOCXn"OCjA'l'C«j'l'A('iCi-3'.'l1ic niti-llon pioduerd « 422- 
up K:K product. The forward primer was di'slxuvd to uv 
ognlxc u unique mi|ihiiiv fmuid In the 5' untranslated 
Kftou of lliu patent pC132,tk25l> ploMiiitl niiil llu:icfore 
does m>l iwik'i^' «»<1 amplify the human factor VIII 
gene. I'riinnrt wuro chosen Willi the assistance of llw com- 
puter program OHro <l.« (Nutimr.il lliuscicnccs, Inv.. I'ly. 
mouth, MN). The luiman p-acthi gene was amplified wllh 
tlic primers JJ-m-iin forward primer S 1 TC ACOCACAt n - < IT 
GCCCATOACGA-.V and p-actiij reverse p»im«r V.CAC 

CC5GAACCX:tri'<:A itgccaaiGG-.V. The reaction pro- 
duced a 2V5 hp t*CK product. 

Amplification reactions (St) pj) coinaiiu'd tt DNA 
sample, 10* POR Uuffe.r II (S 200 »im tlAlT, JCIT, 
dGTP, and 400 p.M dll'IT, 4 tnxi M«<:i ? , 1.2.S Units Ampil 
7«(/ DNA polymerase, 0,5 milt AinpKmse uracil N-fily- 
cmy W (UNO), 60 pinole of each foeloi Vlll jvlmvi, and 1fi 
ptnolc of iuto.li p *ctlrt pilmt-r. 'I1i<t Kwlloiw, hIm» tx^nlatnccl 
OIK of the following (IcU'Ctlnn prnhpx (WMJ nM rneli); 

I'djirubc A'(»'AW)Ac:«rrj , frj , c:cAc:tr:T<.r."n , (:'i"ri , <:Tcr. 

GCOTT(TAMRA)p P-ntiin proU- S' (TAM)ATCJ(:<:t:- 

X(TAMKA)CCCCCATGGCATCp-.V whotf p in<tliralfs 
phmphnrylAli<vn nnd X Indicates a linker arm nucleotide. 
Reaction tulw wrn- MicniAmp (')|><ioal Tube* (part ntirn- 
1.ht NW)1 09.13, I'crkln UJniur) thai wore froKUtl («tl IVrkl" 
r.Inirr) to pirmil liglil from /•cflcciinp, Tube Cflpi Were 

si in > l.ti' in MictoAiHp t;nj>a Imii specially dtjiflncd to pre- 
vent HrIh scattering. All ol 0i<- IKIU i^niminUil>U* were t»\* 
tAiisi hy PI! Applied ltio«yrt«ni» (|!<»»<er f:«y, CA) except 
Ihe faclor VIII primers, wlilfll Weif nynllieslwd ill Cencii 
lech, Inc. (StHilb Soti Francisco, CA). Probes wrrv dc-sl(>nwl 
using the OI>fif.> 4.0 soflwarc, following, guidelines 
[{CStpti in mc Model 7700 .sequence JHtvctur limiuiiienl 
manual. I«rlcfly, probe T m iJinuUl lie Al least 5"<.: higher 
lhail flit" amieulliis leaipfialiirc used tUirluj; thi-rmul cy- 
rling; pflrncrs shi^ild not foim hUlik- duplexed' wi'ili the 
pfobe. 

The therinol rycllng Cunditloii.s Included 2 mlii a! 
50°t'; and 10 min at 9S°C. 'Iliejnial cycling pro«rer<led wllh 



reaction* were j>erioniied 'm the Model 7701) .Sequence IX- 
Uxlor (I'li Applied Ulusiysleun.), i^lilrh contains » Cent . 
Amp WIU Systum VWO. Uoatllon coiittitioit* wmi- pin. 
gniilllltuU on .i I'wwor Macinti>«l< VI 0(1 (Apple O.nnpnlfr, 
Santa Clara, t:A) linked dirvcily to ihe Model '/Win s»- 
quciKV iXitector. Analy«li> »»f data w»« also pcrf/<ciricd on 
the M«i lolr»sh computer, f V>llortloii and analydK toflware 
wiis develo|wl M 1>V. Applleil lllosynliiiiis. 

Tiitnsfection of CclU with factor VHI Convtruct 

)i<iur I I 7S flasks of 293 cells (AW.C CM. J57'.<), ?i tuminn 
fetal kidney suspension cell line, were '» SO'Hi con- 

(luenvy and traiufceted pi KTM. Cells were rkiwh in the 
rollHwIin; medlfi! S0% HAM'S f!2 without GMT, 5«% h»v 
glucose lHtll)C<\N>'s inndlfled I'xiKle medium (UMKM) with- 
otn Rlyanu with sodium bicarbonate, 10W. letal txtvine 
scrum, 2 iiim L-jtluldininc, and 1% penicillin-slreptomy- 
llil, Tlic media w»» vJianh'cd 30 roln hefo«. the Iransfcc 
lion, pl-'OTM WA amounts of 40, <i, 0..V, and 0.1 were 
iiUilcd In ml of n solution containing 0.I2S m CmC\,: 
and 1 X II MIS. Tlic four mixtures were left at room tem- 
ix-mnm- fen 111 mln and then iid<le>l di(ij>wls<- 1<» tl»o cells. 
The n»»k> wviv im.uUilcd al 37"C anrf 5W. <:O s for 24 hr, 
washed with 1'itS, ami «i«uspe.nded In PUS, The rcsiiM 
jiend^l cells were divided into aliquols and DNA wr.4 t»- 
tmcted hiimcdlutcly twins IhvQIAamp Bl<»id Kit (CliiRen. 
<aiotJW>rtl), <.'A), l>NA was e.luted Into 200 pd ol 30 i«u 
Trls-IICJot pllK.0. 
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